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Abstract 
AIM: This study investigated the antibacterial efficacy of five plant extracts, as well as the combinations of the two 
most effective plant, extracts either with or without commercial varnish (MI varnish) on the in vitro growth of 
Streptococcus mutans and Lactobacillus acidophilus in comparison to MI varnish using agar disk diffusion and 
broth dilution methods. 
METHODS: Methanolic extractions of five plants (Cinnamon, Turmeric, Ginger, Clove and Black seed,) were 
tested against the growth of the two oral pathogens. The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) were determined for the two most effective extracts, and their combinations with 
different ratios were evaluated against the growth of the two oral pathogens, followed by incorporating the two 
effective plants or each into commercial MI varnish to be assessed against the oral pathogens in comparison to 
MI varnish. 
RESULTS: Only Cinnamon and Clove produced inhibition zones against Streptococcus mutans and Lactobacillus 
acidophilus growth. MIC for the two plants showed equal antimicrobial activity against Streptococcus mutans, 
while Cinnamon had a higher sensitivity to Lactobacillus acidophilus than Clove. A mixture of Cinnamon and 
Clove in a ratio 1:2 exhibited the highest antibacterial activity. Integration the mixture of both plants into MI varnish 
in a ratio of 1:1:1 presented the highest antibacterial activity. Meanwhile, the lowest one was recorded for the MI 
varnish alone. 
CONCLUSION: Methanolic extract of Cinnamon and Clove has considerable antimicrobial activity against 
Streptococcus mutans and Lactobacillus acidophilus and a new tool for minimally invasive and adhesive dentistry 
avenues. 
 
 
 
 
 
 
 
 
Introduction 
 
Bacteria Dental caries is one of multifactorial 
infectious disease caused by acids from bacterial 
metabolic activity diffusing into enamel and dentine. 
Even as caries is a profoundly preventable disease 
that has seen a decline in most developed 
international locations these days, it stays a 
noteworthy public fitness problem [1], [2]. The 
principal etiologic factor included in the presence of 
specific bacteria particularly Streptococcus mutans 
and other non-streptococcus species like 
Lactobacillus acidophilus which produce acid and 
bring the plaque to the critical pH [3]. Numerous 
preventive strategies have been attempted and tested 
yet none is ended up being 100% powerful for the 
cessation of dental caries and the journey still goes 
on. Right now, Chlorhexidine is thought to be the gold 
standard level among chemotherapeutic agents 
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against the most cariogenic pathogen Streptococcus 
mutans, however, the occurrence of oral side effects, 
for example, teeth staining, bad taste, dryness, and 
burning sensation debilitate patients to utilise it [4]. 
More critically, most antibacterial agents can also 
promote the development of resistant bacterial strains 
[5]. Therefore, it becomes a necessity for the current 
therapeutic research to investigate naturally available 
products which are safe for humans and specific for 
dental caries, as their side effects are insignificant, 
and the patient is dealt with comprehensively. Several 
investigations have been done to decide the utilisation 
of normal regular household natural basic oils 
including Cloves and Cinnamon as solutions for 
managing dental diseases like toothache and gum 
swelling [6], [7]. More recently, scientific research 
demonstrated the potential antibacterial properties of 
concentrates from these herbs [6], [8], [9]. Use of the 
improvement of such bioassays in clinical science 
may offer valuable learning and a way to manage oral 
disease. One therapeutic plant in selected group is 
Cinnamon (Cinnamomum zeylanicum) which is 
thought to have medical advantages [10]
 
and has 
been utilised as a part of the conventional prescription 
for colds, flatulence, nausea and diarrhoea, also 
improves vitality, circulation and energy [11]. 
Additionally, studies have discovered that 
Cinnamon and Ginger (Zingiber officinale) may have 
antibacterial and antifungal properties [12], [13]. 
Turmeric (Curcuma longa) belongs to the Ginger 
(Zingiberaceae) circle of relatives. Since the time of 
Ayurveda (1900 BC) many therapeutic sports had 
been assigned to Turmeric for more than one illness 
and situations, like the ones of the pores and skin, 
pulmonary, and gastrointestinal structures, aches, 
pains, and liver problems [14]. Although several plants 
have demonstrated antibacterial activity however, to 
date, their antibacterial activity against cariogenic 
bacteria is still under research. Hence in search for 
novel anti-cariogenic agents, five plants which are 
known for their medical applications have been 
chosen in this study; Cinnamon, Ginger, Turmeric, 
Cloves and Black seed [15], [16]. Therefore, in the 
present study, we found it interesting to investigate 
the antibacterial effect of the chosen five plants in 
terms of bacterial growth inhibition of Streptococcus 
mutans and Lactobacillus acidophilus. In addition, the 
current study aimed to investigate the antibacterial 
activity of the two most effective plants in combination 
with commercial varnish [5% sodium fluoride varnish 
with Recaldent (CPP–ACP), GC America, USA] where 
various reports have been published on the anti-
cariogenic action of casein phosphopeptide 
amorphous calcium phosphate (CPP-ACP) 
paste/solution [17], [18], [19]
 
and the synergistic 
impact of CPP-ACP and fluoride [17], [18], [19], [20], 
meanwhile no trials have been made on medicinal 
plants antibacterial effect in combination with CPP-
ACP.  
 
Material and Methods 
 
Different plants preparation  
Five plants; (Cinnamon; bark) Cinnamomum 
zeylanicum, (Turmeric; rhizome) Curcuma longa, 
(Ginger; rhizomes) Zingiber officinale, (Clove; fruits) 
Syzygium aromaticum, and (black seed; seeds) 
Nigella sativa were tested. 
Tested plants were purchased from local 
stores in Ismailia, Egypt. The collected plants were re-
identified, and the nomenclature was rechecked and 
confirmed by the help of plant taxonomist. All raw 
substances had been washed with clean tap water, 
then through sterilised distilled water and air-dried. An 
exception for Ginger rhizomes which had been 
reduced wiped clean then dried in a vacuum oven at 
80°C for two days. All dried plant life had been 
powdered the usage of the sterilised grinding system. 
The obtained powder was immediately subjected to 
the extraction procedure [21], [22]. 
 
Extracts preparation 
Fifty grams of each plant powder were packed 
in the Soxhlet thimble then extracted successively 
with an organic solvent 90% methanol. Extraction 
carried out for each plant separately for forty-eight 
hours using Soxhlet extractor [23]. Each extract was 
filtered through filter paper (Whatman No.1) then 
concentrated by complete evaporation with a rotary 
evaporator under reduced pressure. The resulting dry 
extracts were re-weighed, and the percentage of the 
resultants were calculated from the quantity of the 
initial plant material (50 g). Crude extracts stock 
solutions were prepared by mixing dried extracts with 
an appropriate amount of DMSO (100%) and stored at 
4°C in an airtight sterilised bottle till use [24]. 
 
Tested bacterial strains 
Two bacterial strains were tested; 
Streptococcus mutans Serotype c. Carious dentin 
ATCC 25175 type strain which was purchase from 
Microbiological Resources Centre (MIRCEN), Cairo, 
Egypt and Lactobacillus acidophilus CH-2 from Chr. 
Hansen's Lab, Denmark. Streptococcus mutans was 
streaked on tryptic soy agar (TSA) while Lactobacillus 
acidophilus MRS agar. Both cultures were incubated 
for twenty-four hours at 37°C. 
 
Antibacterial assessment 
Antibacterial activities of methanolic extracts 
of different plants were carried out by disc diffusion 
assay according to the standard method [25], [26].  
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Disc diffusion method 
The inoculum was prepared as recommended 
by the Clinical and Laboratory Standards Institute by 
direct colony suspension method [27]. Colonies of an 
overnight culture of both Streptococcus mutans and 
lactobacillus acidophilus were suspended in Mueller-
Hinton broth (Oxoid) and adjusted to 0.5 McFarland 
standards to reach a final inoculum corresponding to 
approximately 1 x 10
8
 CFU/ml. 
Total of sixty sterilised (6 mm) filter paper 
discs were divided into six groups which had been 
loaded with the different plant extracts (G1; 
Cinnamon, G2; Turmeric, G3; Ginger, G4; Clove, G5; 
Black seed, G6; positive control) (n = 10). Each group 
was further subdivided according to the type of 
bacterial strain that was tested on into two main 
subgroups (n = 5). The discs were saturated with 10 
μl of different plant extracts separately under aseptic 
conditions and 0.12% Chlorohexidine Digluconate 
liquid (CHX) (Sigma Aldrich, Steinheim, Germany) as 
a positive control. Loaded discs were dried in laminar 
flow for 15 minutes at room temperature and were 
used for the disc diffusion assay. 100 μl from each 
bacterial strain was streaked separately using a sterile 
swab to Muller Hinton agar plates. Plates were let to 
dry for 15 minutes then used for the sensitivity test. All 
loaded discs were placed on the surface of the 
inoculated Mueller-Hinton agar (Figure 1). Plates were 
incubated for overnight at 37°C, and the antibacterial 
activity of each extract was expressed by measuring 
the diameter of the inhibition zone (mm). The 
experiment was done in triplicate to ensure 
consistency. 
 
Figure 1: Antimicrobial activity of the five plant extracts against A) 
Streptococcus mutans estimated by the agar-Disc diffusion method 
and B) Lactobacillus acidophilus estimated by the agar-Disc 
diffusion method 
 
 
Broth dilution method 
The two plant extracts; Cinnamon and Clove 
that showed effective antimicrobial activity, were 
selected to demonstrate their minimum inhibitory 
concentrations (MICs) and Minimum Bactericidal 
Concentrations (MBC) according to the Clinical and 
Laboratory Standard Institution strategies by serial 
two-fold micro broth dilution technique [27]. Mueller 
Hinton broth (MHB) was prepared and poured into 
sterile test tubes. One colony of each tested bacterial 
strains (Streptococcus mutans and Lactobacillus 
acidophilus) were inoculated separately in 2.5 ml MHB 
and incubated overnight at 37°C on a shaker (250 
rpm). 0.5 ml of each overnight culture were inoculated 
into 5 ml pre-warmed MHB then incubated at 37°C on 
a shaking incubator for about 18 h to a final optical 
density (OD600) of 1. A serial dilution was done to 
different plant extracts in MHB medium to reach 
concentrations ranging from 100 to 1.563 mg/ml. 100 
μl of each prepared bacterial strain was inoculated to 
the tubes with different concentrations of plant 
extracts. A tube of MHB supplemented with different 
plant extracts was left uninoculated and used as a 
negative control for each dilution. For positive control, 
100 μl of both bacterial strains were inoculated to 
MHB tubes without plant extract. Tubes were 
incubated at 37°C for overnight and the lowest 
concentration that inhibits the bacterial growth was 
considered as the MIC value for each of the tested 
bacteria strain. To determine‏ MBC value, sterilised 
Muller–Hinton agar (MHA) was poured into a Petri 
dish and was let to solidify. Samples that showed no 
obvious bacterial growth were streaked on the surface 
of the agar separately then incubated for twenty-four 
hours at 37°C. The lowest concentration which 
displayed no growth on the MHA plates was recorded 
as the MBC. 
 
Combination test 
The two selected plant extracts Cinnamon 
and Clove were combined in three different 
concentrations by weight: Cinnamon: Clove; C1: 1:1, 
C2: 1:2, and C3: 2:1 respectively. Three discs loaded 
with 10 µl of each combination were tested against the 
growth of each tested bacterial strains (Streptococcus 
mutants and Lactobacillus acidophilus) using disc 
diffusion method as previously mentioned and utilise 
CHX and DMSO as a positive and negative control. 
Another three different combinations and 
commercial MI Varnish’ [5% sodium fluoride varnish 
with Recaldent (CPP–ACP), GC America, USA] were 
assessed against the growth of each tested bacterial 
strains using disc diffusion method. Each plant extract 
was incorporating into commercial MI Varnish 
separately by weight (V1; 1:1 = Cinnamon: MI, V2; 1:1 
= Clove: MI) and a third combination was prepared by 
mixing two plant extracts with MI Varnish (V3; 1:1:1 = 
Cinnamon: Clove: MI). Ten µl of each mixed 
combination was added to a sterile disc, and their 
antibacterial activity was tested in comparison to MI 
varnish (V4). 
Statistics have been explored for normality 
the usage of Kolmogorov-Smirnov and Shapiro-Wilk 
assessments; statistics confirmed parametric 
(ordinary) distribution.  
Repeated measure ANOVA changed into 
used to examine among extra than groups in related 
samples. Paired wise sample t-test turned into used to 
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compare among two groups in related samples. One-
way ANOVA accompanied by way of Tukey post hoc 
test was used to compare among greater than two 
groups in non-related samples. The importance level 
became set at P ≤ 0.05. Statistical evaluation 
becomes carried out with IBM® SPSS® statistics 
model 20 for windows. 
 
 
Results 
 
Inhibition zones results 
Regarding the antibacterial activity of the 
tested five plant extracts in the disc-well diffusion 
method; the methanolic extracts of Cinnamon (G1) 
and Cloves (G4) showed antibacterial activity with 
inhibition zones diameters of 14.00 mm and 12.67 mm 
against Streptococcus mutans and 16.67 mm and 
18.67 mm against Lactobacillus acidophilus, 
respectively, while the other plant extracts did not 
demonstrate any antibacterial activity against the two 
strains except methanolic extract of Turmeric showed 
antibacterial activity against Lactobacillus acidophilus 
with inhibition zones diameters of 9.33 mm. For the 
antibacterial activity against Streptococcus mutans, 
the highest inhibition mean value was found in the 
positive control group (G6) followed by (G1) and (G4) 
respectively. Meanwhile, the lowest mean value was 
recorded for (G2, G3 and G5) where (P < 0.001). 
While for the antibacterial activity against 
Lactobacillus acidophilus, the highest mean value was 
found in (G4) followed by (G6) followed by (G1) 
followed by (G2) respectively, meanwhile the lowest 
mean value was found in (G3), (G5) where (P < 
0.001) (Figure 2). 
 
Figure 2: Bar chart representing Comparison in the mean value of 
inhibition zones with the different plant extracts against 
Streptococcus mutans, and Lactobacillus acidophilus 
 
 
MIC and MBC results 
The MIC and MBC were carried out for the 
Cinnamon (G1), and Clove (G4) extracts which were 
the most effective extracts according to disk diffusion 
test results. No statistically significant difference was 
found between (G1) and (G4) in MIC with 
Streptococcus mutans where (P = 0.364). While the 
MIC for Lactobacillus acidophilus was exhibited a 
statistically significant difference between (G1) and 
(G4) where (P < 0.001). A statistically significant 
difference (P < 0.001) was found in the MBC value for 
both strains between (G1) and (G4). Where the 
highest mean value of MIC and MBC for positive 
inhibitory effects with Streptococcus mutans and 
Lactobacillus acidophilus was found in (G4) while (G1) 
showed the lowest mean value (Table 1). 
Table 1: MIC and MBC results of Cinnamon and Clove extracts 
(mg/mL) 
 
Variables 
MIC MBC 
S. mutans L. acidophilus S. mutans L. acidophilus 
Mean SD Mean SD Mean SD Mean SD 
Group 1 13.44 4.09 5.18 0.77 23.60 1.52 16.40 2.43 
Group 4 15.56 2.73 13.92 1.34 48.25 1.71 51.20 3.11 
P-value 0.364ns < 0.001* < 0.001* < 0.001* 
*; significant (P≤ 0.05) ns; nonsignificant (P>0.05). 
 
 
 
Antibacterial activity of the three different 
 combinations between Cinnamon and 
 Clove extracts 
A statistically significant difference was 
recorded between the cinnamon extract mixed with 
Clove extract in the combination ratio of 1:1 (C1) and 
2:1 (C3) where the mean inhibition zone diameter was 
(18.33 ± 0.58) and (19.00 ± 1.00) for C1 and (14.00 ± 
1.00) and (16.33 ± 0.58) for C3 against Streptococcus 
mutans and Lactobacillus acidophilus respectively. 
Also, a statistically significant difference was found 
between C2 (1:2) and C3 where the mean inhibition 
zone diameter was (18.67 ± 0.58, 19.67 ± 0.58) 
respectively. While there was no statistically 
significant difference between the combinations (C1) 
and (C2) against the two oral pathogens where (P < 
0.001). The highest mean value was found in (C2) 
followed by (C1), (positive) and (C3) while the lowest 
mean value was found in the negative control group 
(Figure 3). 
 
Figure 3: Bar chart representing Comparison in the mean value of 
inhibition zones with the three different combinations between 
Cinnamon and Clove extracts against Streptococcus mutans and 
Lactobacillus acidophilus 
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Antibacterial activity of the two-plant 
 extract incorporating each/ both into MI 
 varnish 
From Figure 4 regarding the inhibition zones 
against Streptococcus mutans growth showed a 
statistically significant difference between the mixture 
of Cinnamon and Clove extract with MI Varnish in a 
ratio 1:1:1 (V3) and each of V1 (Cinnamon: MI = 1:1) 
and V2 (Clove: MI = 1:1) where (P = 0.003), and (P < 
0.001). Also, a statistically significant difference was 
found between V3 and V4 (MI varnish) where (P < 
0.001). While there was no statistically significant 
difference was found between (V1) and (V2) (P < 
0.001). The highest mean inhibition zones value was 
found in (V3) followed by positive, (V1), V2 and (V4) 
groups while the lowest mean value was noted in the 
negative group. For the inhibition zones against 
Lactobacillus acidophilus growth, A statistically 
significant difference was found between group (V1) 
and each of (V2), (V3), and (V4) groups where (P = 
0.042), (P = 0.002), and (P < 0.001). While there was 
no statistical significance difference between (V2) and 
(V3) where (P < 0.001). 
 
Figure 4: Bar chart representing Comparison of the zone of 
inhibition with one of two plant extract (Cinnamon, Clove) and their 
mixture each incorporating the commercial varnish separately 
 
 
Discussion  
 
Dental caries is one of the major causes of 
the destruction of mineralised tissue of the teeth. 
Streptococcus mutans (S. mutans) and Lactobacillus 
acidophilus (L. acidophilus) species are dominant 
microorganisms in the lesion of advanced caries, and 
these two are considered as a principle 
microorganism in the pathology of dental caries. S. 
mutans is the organism causing initiation of caries, 
whereas L. acidophilus causes progression of dental 
caries [28], [29], [30].
 
Thus, the existence of S. mutans 
and L. acidophilus in dental structure is a signal of a 
cariogenic biofilm and any chemical substance which 
can use to decrease these bacteria levels can offer 
additional means of stopping dental caries [31].
 
In 
recent years, researchers gave attention to the use of 
plant extracts against cariogenic bacteria regarding 
their effect on growth. For this reason, the present 
study selected five plants (Cinnamon, Ginger, 
Turmeric, Cloves and Black seed) [15], [16]
 
which are 
known for their medical applications to evaluate their 
effect on S. mutans and L. acidophilus bacteria. 
Sensitivities of these two cariogenic pathogens to the 
five different methanolic plant extracts in comparison 
to chlorhexidine gluconate (0.12%), were tested using 
Agar disc technique.  
The results obtained from our study shows a 
very good antibacterial activity of two extracts; 
Cinnamon and Cloves extract against S. mutans and 
L. acidophilus. While no antibacterial activity was 
exhibited by Ginger and Black seeds extracts, while 
Turmeric has only antibacterial potential against L. 
acidophilus. According to a literature data on the 
effectiveness of plant extracts the results are 
inconsistent probably because of differences in extract 
preparation methods [32], therefore we assumed that 
the solvent used for the experiment could influence 
the result. In this study, we used methanol extract for 
each tested plant as it could allow releasing of active 
ingredients from Cinnamon and Cloves extract 
causing their antibacterial efficiency against S. mutans 
and L. acidophilus. The previous investigation could 
be supported by Cowan [33]
 
who stated that 
approximately all the identified components from 
plants showed activity against microorganisms are 
saturated organic compounds or aromatic, and they 
are most frequently acquired through initial methanol 
or ethanol extraction. On the other side, using 
methanol solvent in our study might corrupt the 
effective ingredients of the Ginger and Black seed 
extract which masking their antibacterial potential 
against the two oral tested pathogens or due to the 
high resistance of tested strains [34].
 
While the 
methanolic extraction of Turmeric had high potential to 
inhibit only L. acidophilus growth as it might inhibit the 
growth in a dose-dependent manner [35]
 
and so L. 
acidophilus could be suppressed at lower 
concentrations of Turmeric extraction than for S. 
mutans. 
According, to our study results, L. acidophilus 
was found to be most sensitive pathogen to the 
methanolic extract of Cinnamon, with MIC of 5.18 
mg/ml followed by the methanolic extract of Clove 
(13.92 mg/ml). While methanolic extract for both 
plants showed almost equal antibacterial activity 
against Streptococcus mutans. The high antibacterial 
activity of the Cinnamon extract is mainly attributed to 
its secondary metabolites. It has been shown that 
Cinnamon antimicrobial properties are mainly related 
to its cinnamaldehyde which is highly electronegative 
which interferes in biological processes including 
electron transfer and react with nitrogen-containing 
components, such as nucleic acids as well as 
proteins, therefore inhibits the microorganism’s growth 
[36].
 
Concerning the antibacterial of Clove, Shoji et al., 
[37]
 
presented that the methanol and aqueous 
extracts of this plant contain flavonoids and saponins. 
Though further studies are needed to identify the 
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active agents responsible for other biological and 
pharmacological activities of these plants is requisite. 
In our experiment the combination, which 
consisted of Cinnamon to Clove at ratio 1:2 in the 
group (C2) was found the most active ratio compared 
to the other ratios in the group (C1) (1:1), and group 
(C3) (2:1). This latter result seemed to reflect the 
amount of Clove extract as the activity of combination 
increases by increasing Clove amount, and this could 
be due to the presence of active components in 
inadequate quantities in the Cinnamon extract to show 
the activity with the used dose levels [38].
 
Moreover, 
the acetonic extraction for Cinnamon has greater 
antimicrobial activity than water and alcohol extraction 
[36].
 
 
 Although the high antibacterial activity of 
CHX (positive control) which was reported by previous 
studies [39], [40], the result of the present study 
demonstrated that incorporating Cinnamon (V1), 
Clove (V2) extracts separately or both (V3) into 
commercial varnish (5% sodium fluoride varnish with 
Recaldent (CPP–ACP), GC America, USA) was able 
to achieve a higher antibacterial activity. Also, they 
showed a more significant effect on the suppression 
of S. mutans and L. acidophilus compared with 
commercial varnish only (V4). Anywise, the 
synergistic effect between Cinnamon and Clove 
extract in the component of commercial varnish (V3) 
did not suppress the antimicrobial activity of each 
extract, and this could be explained the maximum 
inhibition zone for group V3. Thus, from the overall 
result, it is evident that the methanolic extract has 
been found to have good antimicrobial activity for 
Cinnamon and Clove extract against S. mutans and L. 
acidophilus. Also, Cinnamon and Clove extracts 
containing varnish can be beneficial clinically against 
the dental caries pathogens. 
In conclusion, within the restrictions of this 
study, the accompanying conclusions were proposed 
that Cinnamon and Clove methanolic extracts would 
be useful compounds for the development of 
antibacterial agents against S. mutans and L. 
acidophilus, though, the latter needs higher 
concentration of the Clove extract to reach MIC. 
Although their effectiveness was less than 
Chlorhexidine, they may have a potential role in dental 
varnish for dental caries prevention. 
Therefore, the present results could display; a 
scientific basis for the traditional use of Cinnamon and 
Clove on oral pathogens, contribute to the 
enhancement of oral health and lessen the side 
effects and cost of the treatment with allopathic 
medicine. However, additional clinical trials seem 
necessary to assess their safety and efficacy. Also, 
further studies should be carried out on the effect of 
both on the remineralising ability of MI varnish and 
enamel colour. 
 
References 
  
1. Al-Azawi LA. Oral health status and treatment needs among 
Iraqi five years old kindergarten children and fifteen years old 
students: a national survey (Doctoral dissertation, Ph. D. thesis, 
College of Dentistry, University of Baghdad). 
2. Petersen P, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye 
C. The global burden of oral diseases and risks to oral health. 
Bulletin of the WHO. 2005; 83:661-668. 
 
3. Miller W. The presence of bacterial plaques on the surface of 
teeth and their significance. Dent Cosmos. 1902; 44:425-446.  
4. Heen S, Addy M. An in vitro evaluation of the availability of 
cetylpyridinium chloride and chlorhexidine in some commercially 
available mouthrinse products. Br Dent J. 2003; 194(4):207-210. 
https://doi.org/10.1038/sj.bdj.4809913 
 
5. Chung JY, Choo JH, Lee MH, Hwang JK. Anticariogenic activity 
of macelignan isolated from Myristica fragrans (nutmeg) against 
Streptococcus mutans. Phytomedicine. 2006; 13(4):261-266. 
https://doi.org/10.1016/j.phymed.2004.04.007 
 
6. Palombo EA. Traditional medicine plants extracts and natural 
products with activity against oral bacteria: Potential application in 
the prevention and treatment of oral disease. Evid Based Compl 
Alter Med. 2009; 10:1-15. https://doi.org/10.1093/ecam/nep067 
 
7. Takarada K, Kimizuka R, Takahashi, N, Hinma K, Okuda K, Kato 
T. A Comparison of the antibacterial efficiencies of essential oils 
against oral pathogens. Oral Microbiol Immunol. 2004; 19:61-65. 
https://doi.org/10.1046/j.0902-0055.2003.00111.x 
 
8. Perumal Samy R, Gopalakrishnakone P. Therapeutic potential of 
plants as anti-microbials for drug discovery. Evidence-based 
complementary and alternative medicine. 2008; eCAM: 1-12. 
 
9. Unlu M, Erge E, Unlu GV, Zeytinoglu HS, Vural N. Composition, 
antimicrobial activity and in vitro cytotoxicity of essential oil from 
Cinnamomum zeylanicum Blume (Lauraceae). Food Chem Toxicol. 
2010; 48(10); 3274-6. https://doi.org/10.1016/j.fct.2010.09.001 
 
10. Ooi LS, Li Y, Kam SL, Wang H, Wong EY, Ooi VE. 
Antimicrobial activities of cinnamon oil and cinnamaldehyde from 
the Chinese medicinal herb Cinnamomum cassia Blume. Am J 
Chin Med. 2006; 34(3):511-522. 
https://doi.org/10.1142/S0192415X06004041 
 
11. Pszczola, DE. A spice odyssey. Food Technol. 2001; 55:36-44. 
 
12. Habsah MM, Amran MM, Mackeen NH, Lajis H, Kikuzaki N, 
Nakatani AA, Rahman AA, Ghafar, Ali AM. Screening of 
Zingiberaceae extracts for antimicrobial and antioxidant activities. J 
Ethnopharmacol. 2000; 72:403-410. https://doi.org/10.1016/S0378-
8741(00)00223-3 
 
13. Srinivasan DS, Nathan T, Suresh T, Lakshmana Perumalsamy 
P. Antimicrobial activity of certain Indian medicinal plants used in 
folkloric medicine. J Ethnopharmacol. 2001; 74:217-220. 
https://doi.org/10.1016/S0378-8741(00)00345-7 
 
14. Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK. 
Turmeric and curcumin: Biological actions and medicinal 
applications. Current Science. 2004; 87:44-53. 
 
15. Ceylane A, Daniel Y. Antimicrobial activity of spices. Journal of 
Rapid Methods and Automation in Microbiology. 2004; 12(1):1-55. 
https://doi.org/10.1111/j.1745-4581.2004.tb00046.x 
 
16. Singh J, Kumar A, Budhiraja S, HoodaA. Braz J. 
Ethnomedicine: use in dental caries. Oral Sci. 2007; 6(21):1308-
1312. 
 
17. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque 
and remineralization of enamel lesions by various forms of calcium 
in a mouthrinse or sugar-free chewing gum. J Dent Res. 2003; 
82:206-217. https://doi.org/10.1177/154405910308200311 
 
18. Oshiro M, Yamaguchi K, Takamiza T, Inage H, Watanable T, 
Irokawa A, Ando S, et al. Effect of CPP-ACP paste on tooth 
mineralization: an FE-SEM study. J Oral Sci. 2007; 49:115-120. 
https://doi.org/10.2334/josnusd.49.115 
 
Dental Science 
_______________________________________________________________________________________________________________________________ 
 
_______________________________________________________________________________________________________________________________ 
2334                                                                                                                                                                                              https://www.id-press.eu/mjms/index 
 
19. Pai D, Bhat SS, Taranath A, Sargod S, Pai VM. Use of laser 
fluorescence and scanning electron microscope to evaluate 
remineralization of incipient enamel lesions remineralized by 
topical application of casein phosphor peptide amorphous calcium 
phosphate (CPP-ACP) containing cream. J Clin Pediatr Dent. 
2008; 32:201-206. 
https://doi.org/10.17796/jcpd.32.3.d083470201h58m13 
 
20. Cross KJ, Huq NL, Stanton DP, Sum M, Reynolds EC. NMR 
studies of a novel calcium, phosphate and fluoride delivery vehicle-
α(S1)-casein (59-79) stabilized amorphous calcium fluoride 
phosphate nanocomplexes. Biomaterials. 2004; 25:5061-5069. 
https://doi.org/10.1016/j.biomaterials.2004.01.045 
 
21. Kaushik P, Goyal P. Evaluation of various crude extracts of 
Zingiber officinale rhizome for potential antibacterial activity: A 
study in vitro. Advances in Microbiology. 2011; 1(01):7. 
https://doi.org/10.4236/aim.2011.11002 
 
22. Yassen D, Ibrahim AE. Antibacterial activity of crude extracts of 
ginger (Zingiber officinale Roscoe) on Escherichia coli and 
Staphylococcus aureus: A Study in vitro. Indo American Journal of 
Pharmaceutical Research. 2016; 6(06):5830-5835. 
 
23. Mahesh B, Satish S. Antimicrobial activity of some important 
medicinal plant against plant and human pathogens. World journal 
of agricultural sciences. 2008; 4(5): 839-843. 
 
24. Shabani NRM, Ismail Z, Ismail WI, Zainuddin, N, Rosdan, N, 
Roslan, M. Antimicrobial activity of cinnamon oil against bacteria 
that cause skin infections. JSRAD. 2016; 3(2):1-6. 
 
25. Bauer A, Kirby W, Sherris J, Turck, M. Antibiotic susceptibility 
testing by a standardized single disk method. American journal of 
clinical pathology. 1996; 45(4):493. 
https://doi.org/10.1093/ajcp/45.4_ts.493 
 
26. Zaidan MR1, Noor Rain A, Badrul AR, Adlin A, Norazah A, 
Zakiah I. In vitro screening of five local medicinal plants for 
antibacterial activity using disc diffusion method. Trop Biomed. 
2005; 22(2):165-170. 
 
27. Wayne PA. Clinical and Laboratory Standards Institute: 
Performance standards for antimicrobial susceptibility testing: 26th 
informational supplement. CLSI document M100S. 2016. 
 
28. Sweta VR, Geetha R V. In vitro antibacterial activity of Clove 
and Pepper on Streptococcus mutans. Asian J Pharm Clin Res. 
2015; 8(5):269-270. 
 
29. Byun R, Nadkarni MA, Chhour KL, Martin FE, Jacques NA, 
Hunter N. Quantitative analysis of diverse Lactobacillus species 
present in advanced dental caries. J Clin Microbiol. 2004; 42:3128-
3136. https://doi.org/10.1128/JCM.42.7.3128-3136.2004 
 
30. Kleinberg I. A mixed-bacteria ecological approach to 
understanding the role of the oral bacteria in dental caries 
causation: An alternative to Streptococcus mutans and the specific-
plaque hypothesis. Crit Rev Oral Biol Med. 2002; 13:108-125. 
https://doi.org/10.1177/154411130201300202 
 
31. Araújo NC, Fontana CR, Bagnato VS, Gerbi ME. Photodynamic 
effects of curcumin against cariogenic pathogens. Photomed Laser 
Surg. 2012; 30(7):393-402. https://doi.org/10.1089/pho.2011.3195 
 
32. Krisch J, Galgóczy L, Tölgyesi, M., Papp T, Vágvölgyi C. Effect 
of fruit juices and pomace extracts on the growth of Gram-positive 
and Gramnegative bacteria. Acta Biologica Szegediensis. 2008; 
52:267-270. 
 
33. Cowan M M. Plant products as antimicrobial agents. Clin. 
Microbiol. Rev. 1999; 12:564-582. 
https://doi.org/10.1128/CMR.12.4.564 
 
34. Azizi A, Aghayan S, Zaker S, Shakeri M, Entezari N, Lawaf S. 
In vitro effect of zingiber officinale extract on growth of 
Streptococcus mutans and Streptococcus sanguinis. International 
journal of dentistry. 2015; 2015. 
https://doi.org/10.1155/2015/489842 
 
35. Bomdyal RS, Shah MU, Yogesh S. Doshi, Vidhi A. Shah, 
Khirade SP. Antibacterial activity of curcumin (turmeric) against 
periopathogens - An in vitro evaluation. Journal of Advanced 
Clinical & Research Insights. 2017; 4:175-180. 
https://doi.org/10.15713/ins.jcri.188 
 
36. Aneja KR, Joshi R, Sharma C. Antimicrobial activity of Dalchini 
(Cinnamomum zeylanicum bark) extracts on some dental caries 
pathogens. Journal of Pharmacy Research. 2009; 2(9):1387-1390. 
 
37. Shoji N, Umeyama A, Yoshikawa K, Arihara S. Triterpenoid 
glycosides from Anagallis arvensis. Phytochemistry. 1994; 
37(5):1397-1402. https://doi.org/10.1016/S0031-9422(00)90419-9 
 
38. Taylor JLS, Rabe T, McGraw LJ, Jager AK, van Staden J, 
Towards the scientific validation of traditional medicinal plants. 
Plant Growth Regul. 2001; (34):23-37. 
https://doi.org/10.1023/A:1013310809275 
 
39. Emilson C. Potential efficacy of Chlorhexidine against mutans 
streptococci and human dental caries. J Dent Res. 1994; 
73(3):682-693. https://doi.org/10.1177/00220345940730031401 
 
40. Kulkarni V V, Damle S G. Comparative evaluation of efficacy of 
sodium fluoride, Chlorhexidine and Triclosan mouth rinses in 
reducing the mutans streptococci count in saliva: an in vivo study. J 
Indian Soc Pedo Prev Dent. 2003; 21(30):98-104. 
 
 
